cognitive Radios 


The role of cognitive radios in public 
safety and incident response. 
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Where do we place the intelligence? 
» 

1. User — ' 

2. Sudsc ber eq uloment 

3. System ' 

4. System intelligence or management 


5. Operational planning 


6. ? 
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: ~ Definition of Cognitive 
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1. Awa reness with perception, reasoning and 
judgment, Intuition, and memory; The mental 
process by which Knowledge Isacqulired. 

2. the term COQ nitior (Latin: cognoscere, ‘to 
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Changing preferenc es. ~ 
3. Relating to or involving the act or proc ess of 
Knowing, includ! ing both awareness a aC 
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following: a atte ntion, language/syMbOISs, 
judgment, reasoning, memory, problem-solving. 
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Two primar 


1. Full Cognitive | Radio (“Mitola Radio"): in whicn 
every possibile para :meter observa ble bya 
wireless node or network Istaken into account. 

2. Spectrum Sensing Cognitive Radio: in which only 

the radio frequency spectrum is considered. 
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~~ Let's Consider Iwo Types 
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° licensed Band Cognitive Radio: in wnicn 


Bluetootn. 
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cognitive radio? 
Why do we need a cognitive radio? 
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__ Basis for Cognitive Radios 


1. ACCO rding to the FCC vanation in the utilization 


of the assigned soectrum range from 15%to 85%, 
2. Spectrum tsa finite resource 
3. Supply and demand means that the value of 
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4. Current frustration and competition for 
frequencies is gaining public attention 

5. The current frequency a locations for public 
safety do not meet needs. ~ 


Assertion: we need more spectrum ora means of using existing 
spectum more efficiently. 
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~~ Cognitive Radio Functions 


° n Sensing: detecting temporanly vacant 
spectrum and sharing it without harmful 
interference to other users. 

9ectum Management capturing the best 
available soectrum to meet user needs. 
Spectum Mobility: being able to move between 


vacant soectrum locations with user interruption. 


Spectrum Sharing: providing fair spectrum access 
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FREQUENCY 


reconfiguration capability. - 
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Cognitive Radio Architecture 


RECEIVER TO USER 


RF FRONT END 


Radio A-to-D 
Frequency Converter 
(RE ) (A/D) 


TRANSMIT FROM USER 


CONTROL 
(RECONFIGURATION) 


Baseband 
Processing 
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Cognitive Radio Architecture Issue 


RECEIVER TO USER 


Radio / A-to- 
Frequency | Converter 


Baseband 
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2. Spectrum analysis \ one ino 
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Cog nitive 
include: 
1.0perating frequency 
2.Modulation x 

3. Transmission power 
4.Communication tec hnology 


adio reconfiguration parameters 
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Cognitive System Example 


_ Band I 


LICENSED CHANNELS UNLICENSED CHANNELS 
TRADITIONAL LMR COGNITIVE LMR 


Cognitive radio access types: network access, ad hoc 


access, pnmary network access 
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1. Whatis. 
2. Why do we need a cognitive radio? 
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>. Where do we place the intelligence? 


« How do we gain intelligence? 
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Spectrum Sensing 


LICENSED CHANNELS ~ |__ "UNLICENSED CHANNELS 
TRADITIONAL LMR COGNITIVE LMR 
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Systteem Challenges 


BAND II 


LICENSED CHANNELS UNLICENSED CHANNELS 
TRADITIONAL LMR COGNITIVE LMR 
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include: 

lL.Interference c hal ractenistics 
2.Path loss » 

a » 

A.Link layer delay » 
5.Holding time » 


6.Geographic postion 
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1. Soectrum ha ndoff 

2. Infrastructure routing 

3. Service interruption _ 

A. Higher layer protocols _ 

5. Network convergence time 
6.Commoncontroichannel 
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- Whatisa cognitive radio? 
Why do we ne ed a cognitive radio? 

_ Where do we plac e tne intelligence? 
~ How do we gain inte ligence? 


~ How doesthis apply to pub lic safety? 
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2. Cross-functional tea ms 
3.Varying levels of security (nigher in the ISO stack) 
4.Quality of service (QOS) requirements 

5.Coverage requirements ’ 


6.Potential lack of infrastructure 
7.NO $$S 
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Public Safety System Loadinc 


POWER 


FREQUENCY 


As an incident occurs the number of spectrum holes 
disappear lowenng the potental impactofa cognitive 
radio. 
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Public eal Incident Channel Usage 


Task Name 


Due to channel usage, the cognitive radio must be able t0 accommodate 
wide areas of spectrum, multiple bands, or make up fordecreasing 
channel availability through other methods to provide transparent 
mobility 
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~ APPLICATION APPLICATION Qos 
CONTROL | AYER REQUIREMENTS 


SESSION LAYER 


HAND OFF, 
SESSION KEEP RECONFIGURATION 


ALIVE 
TRANSPORT 


LAYER 


ROUTING NETWORK ROUTING INFO / 
INFORMATION LAYER RECONFIGURATION 


RECONFIGURATION § 


SENSING SENSING INFO / 
INFORMATION |PHYSICAL LAYER) RECONFIGURATION 
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3. - Where do we ve place the intelligenc a? 


4. How do we si la eel Tt 
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Considerations: 
1.Cog niti fe radios are years away for public safety 
2.Unit cost will ws a rfactor 


a nd ICS need to be conside dered 
7.Soectrum value may require cog nitive radios 
8.Its never too late to begin stand aras 

development ~~ 
9.Don’t forget software defined radios _ 
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